Whether honeybees utilise oilseed rape (Brassica napus), and thus come into contact with neonicotinoid pesticides, has been questioned in the UK. Here we report the melissopalynology of honey samples taken from hives in the northeast of the UK from 2014 to 2015. The results show that Brassica pollen is predominant in honey extractions from June, following the mass bloom of oilseed rape. Honey extractions from July and September show more diverse sources of nectar from entomophilous crops, weeds and garden plants. Our results clearly show that honeybees will extensively utilise oilseed rape mass blooms in spring, and any change in the current European Union moratorium on neonicotinoids should be carefully considered. We also confirm the importance of gardens (when planted with 'beefriendly flowers') in sustaining pollinators within suburban to rural environments.
Introduction
Insect pollination has been estimated to account for 75-80% of crop pollination globally, which has been converted into economic terms as a value of €153 billion (Gallai et al. 2009 ). Of these pollination services, the greatest value is added to vegetable, fruit and oil crops (Gallai et al. 2009 ). The global decline in pollinators has led to fears of a pollination crisis (Holden 2006) . One of the most salient declines with widespread public attention has been the decline of honeybees in Europe and North America (Becher et al. 2013; Goulson et al. 2015; Meixner & Le Conte 2016) . Multiple causes have been identified for the witnessed decline in honeybees, including parasites, pathogens, environmental impacts, beekeeping practices and pesticides (Becher et al. 2013; Goulson et al. 2015; Meixner & Le Conte 2016) . Pesticides in particular have captured the public's attention, with strong accusations placed against neonicotinoids, leading to restrictions, or bans in their usage (Barbosa et al. 2015) . A growing body of literature has demonstrated the negative impacts that neonicotinoids can have on honeybee colonies through chronic exposure combined with parasites, pathogens and insufficient flowers for foraging (Sandrock et al. 2014; Doublet et al. 2015; Goulson et al. 2015) .
Of particular importance to many honey producers in the UK is oilseed rape (OSR, Brassica napus), which is the most abundant oil crop in Europe (Carre & Pouzet 2014) . Spring-flowering OSR blankets fields in densely packed yellow flowers that provide a pollen and nectar source to a variety of pollinators (Westphal et al. 2003; Budge et al. 2015) . Being susceptible to numerous pests, OSR crops were, until the European Union moratorium in 2013, treated with neonicotinoids (Gross 2013; Dewar 2017) . Since this ban, there have been crop losses and reductions in yields in eastern England from cabbage stem flea beetles (Dewar 2017) ; in some instances permission for emergency use of neonicotinoids on OSR crops has been granted (Case 2015) . With a decision yet to be made on whether the European Union moratorium will continue, and with the UK voting to leave the European Union (and hence having to determine its own policy on neonicotinoid pesticides), evidence is needed on how much honeybees and wild bees utilise OSR crops (Woodcock et al. 2016) . Evidence from western France demonstrated that honeybees will exploit mass flowering crops such as OSR for their nectar (Requier et al. 2015) . However, decoded waggle dance data and pollen pellet analysis from southern England showed limited honeybee foraging on OSR (Garbuzov et al. 2015) . The analysis of pollen pellets for OSR is unlikely to yield Brassica pollen, as bees only use OSR as a source of nectar (Requier et al. 2015) . The aim of this paper is to present melissopalynological data for two honey extraction seasons (July 2014 and June to September 2015) from a small honey producer in the northeast of England, to determine what the sources of nectar are for the production of these honeys and to what extent honeybees utilise OSR.
Materials and methods
Five samples of honey, extracted from hives in July 2014, June 2015 (two extractions), July 2015 and September 2015, were taken from a small-scale honey producer based in Ponteland, northeast England (Figure 1) . A 10-g sample of each honey was processed following the methods presented in Jones & Bryant (2004) . Two Lycopodium clavatum spore tablets (Northumbria University Batch 3862; 9666 spores per tablet) were added to each sample to facilitate the calculation of pollen concentrations. Following acetolysis, the sample was transferred to glass vials using isopropyl alcohol, and silicon oil was added. Slides were made and the pollen counting was undertaken on a Leica DM2000 microscope. Total pollen concentration per 10 g was calculated using the formula presented in Jones & Bryant (2014) .
Results
A total of 1293 pollen grains were counted across the five samples, and 35 pollen taxa from 26 plant families were identified (Table 1) . A brief description of the pollen content of the five samples is presented below and pollen taxa are referred to as 'predominant' when present in frequencies >45%, 'secondary' at frequencies of 16-45%, 'important minor' when present at 3-16% and minor when they make up <3% of the total pollen percentage.
July 2014 honey extraction
Brassica is the predominant pollen taxa in this honey and there are no pollen types present that qualify as secondary (Figure 2 ; Tables 1 and 2 ). Important minor elements include Borago (probably B. officinalis), Trifolium, Vicia faba and Solanum (Figure 2 ; Tables 1 and 2 ). Minor pollen types account for <2% (2) of the month. The trend shows a high-reliance on Brassica (oilseed rape, OSR) during the early part of the production season, with a gradual shift to entomophilous crops and garden plants towards the end. All data presented in Table 1 . of the sample and include (in alphabetical order) Anthyllis type, Apiaceae, Papaver and Primula (Figure 2 ; Table 1 ). The anemophilous pollen of Cupressaceae and Poaceae are present (Table 1) . This honey was classified as category II (intermediate) based on the pollen concentration (Table 1) .
June 2015 first honey extraction
This honey was extracted from the hive in early June and is dominated by Brassica pollen (Figure 2 ; Tables 1 and 2 ). There are no pollen classified as secondary and the only important minor pollen is Vicia faba (Tables 1 and 2 ). Minor pollen taxa present are Bistorta type, Fraxinus, Rosaceae, Ruta and Thalictrum type (Table 1) . Poaceae and Quercus are likely anemophilous contaminants. This honey was classified as category II (intermediate), based on the pollen concentration (Table 1) .
June 2015 second honey extraction
This honey was extracted from the end of June and is again dominated by Brassica pollen with no elements classified as secondary (Figure 2 ; Tables 1 and 2 ). Solanum and Rosaceae are the only important minor elements (Tables 1 and 2 ). Minor taxa include Apiaceae, Borago, Liliaceae, Papaver, Plantago and Vicia faba (Table 1) . Anemophilous pollen are represented by Pinus and Poaceae (Table 1 ). This honey sample had the highest pollen concentration and was classified as category III (rich; Table 1 ).
July 2015 honey extraction
There are no predominant pollen taxa in this honey extraction (Table 2) . Instead, the honey contains two secondary taxaBrassica and Solanum -that are the most common pollen types (Figure 2 ; Tables 1 and 2 ). Vicia faba, Apiaceae, Borago, Ranunculaceae and Papaver are the important minor components of the assemblage (Tables 1 and 2 ). Nine minor pollen types are present: Geranium type, Micropus type, Plantago, Primula, Rhamnus, Rosaceae, Ruta, Trifolium and Valeriana type (Table 1) . Anemophilous pollen types include Alnus, Cupressaceae, Poaceae and Quercus. This honey sample was classified as category II (intermediate).
September 2015 honey extraction
There were no predominant pollen taxa present in this honey extraction ( Table 2 ). The secondary taxa Vicia faba and Brassica are the most common pollen types present (Figure 2 ; Tables 1  and 2 ). There are five important minor pollen taxa present: Apiaceae, Solanum, Borago, Androsace type and Liliaceae (Tables 1 and 2 ). Eleven minor elements present in this honey are Anthyllis type, Castanea, Fabaceae, Globularia type, Micropus type, Papaver, Ribes, Rosaceae, Rubus, Taraxacum type and Tilia (Table 1) . Anemophilous pollen taxa recorded were Poaceae and Quercus (Table 1) . This honey was classified as category III (rich), based on its pollen concentration (Table 1) .
Discussion
Melissopalynological data shows a dominance of Brassica pollen grains in honeys extracted from beehives in June and July (Figure 2 ). In the first two extractions of 2015 (both in June) Brassica pollen accounted for >75% of all pollen encountered, strongly suggesting that OSR was the dominant botanical source for the honey and the principal foraging target for the colonies during late spring-early summer. Our interpretive step from Brassica pollen to OSR is based on field observations of honeybees from these hives flying towards OSR crops and returning from these fields coated in bright yellow pollen, in April-June (L. Elliot pers. comm.). In July, the percentage of Brassica pollen decreases to 39-57%, but is still the most frequent pollen grain encountered (Figure 2 ). This result is in agreement with a number of other studies that found spring OSR to be an important nectar and pollen source for pollinators (Westphal et al. 2003; Budge et al. 2015; Requier et al. 2015) . Our findings are, however, contradictory to the pollen pellet analysis and waggle dance data of Garbuzov et al. (2015) , who found evidence for limited foraging on OSR. This discrepancy might arise from the sampling of different bee resources: Garbuzov et al. (2015) sampled pollen pellets, which are a source of proteins, minerals and fats for bees, whereas we sampled honey -a food source for the colony. When both pollen pellets and honey have been co-sampled during spring it has been shown that Brassica pollen types will be dominant in honey (when OSR mass blooms are present), but that woody species are the main foraging source for pollen pellets (Requier et al. 2015) . Following the OSR mass blooming, the honey samples extracted in July and September show an increase in the number of different pollen types, including entomophilous crops, garden plants and weeds ( Table 2 ). The importance of entomophilous crops (e.g. Solanum and Vicia faba) and weeds (such as Papaver) in the period after mass blooms for sustaining bee colonies has been previously demonstrated (Rollin et al. 2013; Requier et al. 2015) . Crops of Fabaceae in particular are extensively visited by bees (Rollin et al. 2013) . The importance of weeds has been identified for providing a diverse diet throughout the flowering season (Garbuzov et al. 2015; Goulson et al. 2015; Requier et al. 2015) . This is epitomised by Papaver, which is essentially a nectar-less plant (Louveaux et al. 1978) , but the pollen is an important part of the honeybee's annual diet (Requier et al. 2015) . The amount of Borago pollen in honeys extracted in July and September clearly demonstrates the role of gardens in supporting honeybee diets within a suburban to Table 2 . Pollen taxon frequency classifications for the five Ponteland honey samples. Classification of pollen taxa frequency is based upon Louveaux et al. (1978) .
Pollen taxa frequency (Table 2 ). The planting of appropriate flowers in gardens has already been suggested as a means to help pollinator biodiversity (Blackmore & Goulson 2014) , but the advertisement of many garden plants as 'bee friendly' is often based purely on anecdotal evidence (Garbuzov & Ratnieks 2014) . This study shows that Borago (borage) is an important nectar source for bee colonies with gardens in their foraging range (Figure 1 ) and should therefore be promoted as 'bee friendly'.
Conclusions
Honeybee colonies in a suburban to rural environment extensively utilise OSR mass blooms as a source of nectar in spring. This finding is in disagreement with previous research from the UK, which suggested honeybees do not use OSR mass blooms. Difference in sampling strategies is the likely reason for this disconnect, and a methodology that samples both honey and pollen pellets would likely find results in agreement. As multiple studies have shown that honeybees will forage extensively on OSR, any change in the policies concerning neonicotinoid pesticides should be carefully considered. Following the mass bloom of OSR, the nectar source for the Ponteland honey becomes more diverse and shows the importance of entomophilous crops, weeds and gardens for sustaining honeybee colonies in suburban to rural environments.
